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(54) PHASE DIFFERENCE FILM, PHASE DIFFERENCE FILM COMPOSITE AND LIQUID CRYSTAL 
DISPLAY DEVICE USING THE SAME 



(57) A retardation film that can compensate for the 
optical properties of the liquid crystal cells of a liquid 
crystal display device and thereby enhance image qual- 
ity. The retardation film consists of a single polymer film, 
which has a wavelength range in which the retardation 
value is positive and a wavelength range in which it is 
negative in a wavelength range of 400-800 nm, and 
which satisfies the following in equality (1) and/or (2) and 
has a water absorption of no greater than 1% by mass. 



IR(400)l > 10 nm 



IR(700)I £ 10 nm 
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Description 

Technical Field 

s [0001] The present invention relates to a novel retardation film. More specifically, It relates to a retardation film with 
novel optical properties that is useful for an optical element such as a liquid crystal display device or anti-glare film, to 
a laminated retardation film and retardation film-Integrated polarizing film employing it, and to optical apparatuses such 
as liquid crystal display devices that employ the films. 

10 Background Art 

[0002] Retardation films are used In STN (Super Twisted Nematic) systems of liquid crystal display devices, with the 
aim of solving issues such as color compensation or viewing angle enlargement. The materials commonly used for 
color compensating retardation films are polycarbonates, polyvinyl alcohols, polysulfones, potyether sutfones, amor- 
's phous polyolefms and the Pike, while the materials used for viewing angle enlarging retardation films are those men- 
tioned above as well as polymer liquid crystals, discotic liquid crystals and the like. 

[0003] A quarter- wave film, which is one type of retardation film, can convert circularly polarized light to linearly 
polarized light, or linearly polarized light to circularly polarized light. This has been utilized in combination with liquid 
crystal display devices, particularly reflective liquid crystal display devices having a single polarizing film where the 

20 rear electrode, as viewed by an observer, is the reflecting electrode, with anti -reflection films comprising a combination 
of a polarizing film and a quarter-wave film, or with reflective polarizing films composed of cholesteric liquid crystals 
or the like that reflect only circularly polarized light only in either the clockwise direction or counter-clockwise direction. 
[0004] The retardation films used in the aforementioned single polarizing film-type reflective liquid crystal display 
devices and reflective polarizing films must have a function of converting linearly polarized light to circularly polarized 

25 light and circularly polarized light to linearly polarized light, in the visible light region with a measuring wavelength of 
400-700 nm, and preferably 400-780 nm. When this Is accomplished with a single retardation film, the retardation film 
ideally has a retardation of X/4 (nm) (100-175 nm, preferably 195 nm) at a measuring wavelength X of 400-700 nm, 
and preferably 400-780 nm. 

[0005] In order to achieve a smaller retardation with a shorter measuring wavelength as with an ideal quarter-wave 
30 film, Japanese Unexamined Patent Publication (Kokal) HE! No. 1 0-68816 has disclosed a technique of using a quarter- 
wave film and a half-wave film attached together at an appropriate angle. According to this method, when linear po- 
larized light is incident to the film at an appropriate angle, satisfactory circularly polarized tight is obtained in approxi- 
mately the wavelength range of the visible light region. However, the method of Japanese Unexamined Patent Publi- 
cation HEI No. 10-68816 requires the quarter-wave film and half-wave film to be attached at an angle which is not 
35 perpendicular or parallel to the slow axis in the In-plane direction of each film. Because retardation films made of 
polymer materials are usually fabricated in a roll-to-roll manner in a stretching process, the slow axis in the in-plane 
direction of the film lies parallel or perpendicular to the direction in which the film runs, although this depends on the 
stretching method and the refractive index anisotropy of the film material. Consequently, attachment In such a manner 
that the retardation axes of the in-plane direction of each film are not at a perpendicular or parallel angle is not preferred 
40 from the standpoint of productivity because, when used in a liquid crystal display device, for example, the attachment 
step is carried out after cutting to the desired size, and there is a reduction in cutting yield while it is essentially impossible 
to attach the two films continuously in a roll-to-roJI manner. 

[0006] Japanese Patent No. 26091 39 discloses a laminated retardation film characterized in that two, three or more 
different birefringent films made of transparent stretched plastic films are laminated with a combination of different 

45 retardation wavelength dependencies due to birefringence, and in the case of a laminate of two different birefringent 
films, the directions of the maximum in -plane refractive index are in a non-perpendicular relationship by a combination 
with different signs for the oriented birefringence, or a combination with the same signs for the oriented birefringence 
is used. The method of Japanese Patent No. 26091 39 also allows a certain degree of retardation control, but it requires 
the use of a plurality of positive or negative films. 

50 [0007] In Japanese Examined Patent Publication (Kokai) HEI No. 6-230368 there is also disclosed a retardation film 
comprising a laminate of stretched films of two or more different polymers, wherein the birefringence Is zero at at least 
one wavelength of visible light. However, since the method of Japanese Unexamined Patent Publication HEI No. 
6-230368 also attaches two or more polymer films, extra effort is required for the attachment step In which an optically 
satisfactory combination film is obtained, just as in the case of Japanese Patent No. 26091 39, and therefore the cost 

55 \s increased for the production of two or more films, while the small thickness of the film is an additional disadvantage. 
[0008] It is a principal purpose of the present invention to provide a retardation film that compensates for the optical 
properties of a liquid crystal ceil In a liquid crystal display device, to give enhanced image quality. 
[0009] It is another object of the invention to provide a single retardation film with novel optical properties of its own. 
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[0010] It is yet another object of the invention to provide a novel laminated retardation film or retardation film-inte- 
grated polarizing film with improved optical qualities over other retardation films or polarizing films by combination with 
the aforementioned retardation film. 

[001 1] It is yet another object of the Invention to provide a retardation film that is useful for optical apparatuses such 
s as liquid crystal display devices. 

Disclosure of the Invention 

[0012] The present inventors have studied a wide variety of materials with excellent optical properties, but for the 
10 optical uses of retardation films, attention was focused on polymer materials as transparent materials with low light 
absorption at the measuring wavelength, materials with a glass transition temperature of 100°C or higher, preferably 
120°C or higher and especially 150°C or higher, and materials that exhibit favorable molding properties. Polymer 
materials may be crystalline, amorphous, or liquid crystalline, but amorphous polymers usually allow solvent casting 
process and are therefore preferred for purposes in which retardation irregularities and the like must be minimized, 
is such as with retardation films. From this standpoint, polycarbonates, polyesters, poly alkylates, polyolefins and the like 
are best as polymer materials, but it is believed that polycarbonates are particularly advantageous from the viewpoint 
of productivity and increasing freedom of molecular design for copolymerization and the like. 

[0013] The present inventors also researched the optical properties, and found that a polymer film with excellent 
properties as a retardation film can be obtained by stretching a polymer film composed of a polymer blend comprising 

20 a polymer with positive refractive index an isotropy and a polymer with negative refractive index anisotropy, a copolymer 
made from a monomer component of a pofymer with positive refractive index anisotropy and a monomer component 
of a polymer with negative refractive index anisotropy, or a combination thereof. The polymers with positive and negative 
refractive index anisotropy referred to here are defined as follows: a polymer with positive refractive index anisotropy 
is one wherein the direction of the maximum refractive index in the in-plane direction of the film, i.e. the slow axis, 

25 matches the stretching direction when the polymer film is unlaxially stretched, and a polymer with negative refractive 
index anisotropy Is one wherein the slow axis is roughly perpendicular to the stretching direction. Some materials, tike 
polystyrene, have positive refractive Index anisotropy or negative refractive index anisotropy depending on the condi- 
tions of uniaxial stretching, but here it is defined as the refractive index anisotropy exhibited upon uniaxial stretching 
from 1 0°C below the glass transition temperature to 20*C above the glass transition temperature, as the usual stretching 

30 temperature conditions for fabrication of a commercially available retardation film. These measurements are made by 
polarized light analysis at a wavelength of 550 nm, 

[0014] Retardation films characterized by having a range in which the retardation value is positive and a range in 
which it is negative In a measuring wavelength range of from 400 to 800 nm with a single retardation film are unknown 
to the prior art. The present inventors have conducted diligent research on materials that give such retardation films, 
35 and have completed the present invention upon the discovery that polymers such as certain polycarbonates and blends 
of polyphenyiene oxide and polystyrene are effective to this purpose, and that such retardation films can be fabricated 
by appropriate selection of the polymers. 

[001 5] It was further found that such retardation films can be used as laminates with other retardation films to control 
the retardation wavelength dispersion of the other retardation films and thus contribute to enhanced image quality for 
^0 liquid crystal display devices. 

[0016] In other words , the present invention Is accomplished by a retardation film consisting of a single polymer film, 
which has a wavelength range in which the retardation value is positive and a wavelength range in which it is negative 
in a wavelength range of 400-800 nm, which satisfies the following inequality (1) and/or (2), and which has a water 
absorption of no greater than 1% by mass. 

45 

IR(400)I 2: 10nm (1) 



M IR(700)l£lOnm (2) 

where IR(4O0)l and 1R(700)I represent the retardation values at wavelengths of 400 nm and 700 nm, respectively. 
[0017] The retardation film of the Invention is believed to be based on the following principle. That is, presumably, 
when the retardation value of the component with positive refractive index anisotropy and the retardation value of the 
55 component with negative refractive index anisotropy completely cancel each other out, the retardation value is exactly 
zero. However, because the polymer has wavelength dispersion in its birefringence, appropriate adjustment of the 
amount of the component with the positive refractive index anisotropy and the amount of the component with the 
negative refractive index anisotropy produces a phenomenon such that the retardation value is exactly zero at a wave- 
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length in the measuring wavelength range of 400-800 nm, but the signs of the retardation values in the adjacent ranges 
are switched, thus giving a positive range and negative range for the retardation value in the measuring wavelength 
range of 400-800 nm. 

5 Brief Description of the Drawings 

[001 8] Fig. 1 shows a retardation film according to the invention. 

[0019] Fig. 2 shows a laminated retardation film employing a retardation film according to the invention. 
[0020] Fig. 3 shows a retardation film-integrated polarizing film employing a retardation film according to the invention . 
10 [0021] Fig. 4 shows a liquid crystal display device employing a retardation film-integrated polarizing film according 
to the invention. 

[0022] Fig. 5 shows retardation wavelength dispersion for the retardation film of Example 1 . 

[0023] Fig. 6 shows retardation wavelength dispersion for the laminated retardation film of Example 4. 

[0024] Figs. 7 to 9 show retardation wavelength dispersions for the retardation films of Examples 8 to 1 0. 

15 

Best Mode for Carrying Out the Invention 
(Features of the retardation film of the invention) 

20 [0025] The retardation film of the invention is characterized by a single polymer film having a wavelength range in 
which the retardation value is positive and a wavelength range in which it is negative in a wavelength range of 400-800 
nm, and preferably 400-780 nm or 400-700 nm. In the wavelength range of 400-800 nm, It is normally the case that 
(1) the retardation value Is greater with increasing wavelength, being a negative retardation value at a wavelength of 
400 nm and a positive retardation value at 800 nm, or (2) the retardation value is smaller with increasing wavelength, 

25 being a positive retardation value at 400 nm and a negative retardation value at 800 nm. There is usually one wavelength 
at which the retardation value is zero within that wavelength range. 

[0026] The retardation film of the invention is also characterized by satisfying the following Inequality (1) and/or (2). 

IR(400)1 2> 10nm (1) 



IR(700)I> 10nm (2) 

35 where 1R(400)I and IR(700)I represent the retardation values at wavelengths of 400 nm and 700 nm, respectively. 
[0027] In order to use the retardation film of the invention as a retardation film, it must have one wavelength at which 
the retardation value is zero in the wavelength range of 400-800 nm, and preferably 400-700 nm, while also having a 
minimum retardation value at a specific wavelength, i.e. satisfying the aforementioned inequality (1) and/or (2). When 
the retardation value Is constantly zero or near zero in the aforementioned wavelength range it is difficult to provide 

40 the function of a retardation film, and thus it is important to satisfy at least one of the above inequalities (1) and (2). 
The film more preferably satisfies either or both of the following inequalities: 

IR(400)I 2 20 nm 

45 

IR(700)I £20 nm 

and especially: 

50 

IR(400)I S 30 nm 



IR(700)I >30 nm. 

[0028] However, since practical use as a retardation film is difficult if the water absorption of the polymer film is not 
1% by mass or below, the polymer film must satisfy the condition of a water absorption of no greater than 1 % by mass, 



4 



EP1 118 885 A1 



and preferably no greater than 0.5% by mass. (Potymer film material) 

[0029] The polymer material used for the retardation film of the invention is not particularly restricted and may be 
any blend or copolymer or their combination that satisfies the aforementioned conditions, although preferred are ma* 
terials with excellent heat resistance, satisfactory optical performance and suitability to solution film formation, with 
s thermoplastic polymers being especially preferred. For example, one or more types may be appropriately selected 
from among polyacrylates, polyesters, polycarbonates, polyolefins, pofyethers, polysulfin-based copolymers, potysul- 
fone, polyethersulfone and the like. However, in terms of the practicality of the retardation film, the water absorption 
of the pofymer film is limited to no greater than 1% by weight. 

[0030] A blend polymer must be optically transparent, and therefore it is preferably a compatible blend or one that 
10 has roughly equal refractive indexes for each polymer. As suitable examples of specific combinations of blend polymers 
there may be mentioned combinations of polymers having negative optical anisotropy such as pory(methyl methacr- 
yfate) with polymers having positive optical anisotropy such as poly(vinylidene fluoride), polyethylene oxide) and poly 
(vinylidene fluoride-co-trifluoroethylene), combinations of polymers having positive optical anisotropy such as poly 
(phenyiene oxide) with polymers having negative optical anisotropy such as polystyrene, poty(styrene-co-lauroyl male- 
's imide), poly(styrene-co-cyclohexyl maleimide) and pofy(styrene-co-phenyl maleimide), a combination of poly(styrene- 
co-mafeic anhydride) having negative optical anisotropy with polycarbonate having positive optical anisotropy, and a 
combination of pofy(acrylonitrile-co-butadiene) having positive optical anisotropy with poly(acryion'itrile-co-styrene) 
having negative optical anisotropy; however, there is no limitation to these. From the standpoint of transparency, a 
combination of polystyrene with a poly (phenyiene oxide) such as poly (2,6 -dimethyl- 1 ,4- phenyiene oxide) is particularly 
20 preferred. For such combinations, the proportion of the polystyrene preferably constitutes from 61% by mass to 75% 
by mass of the whole. 

[0031] Examples of copolymers that may be used include poly(butadiene-co-styrene), poly(ethyfene-co-styrene), 
poly(acrylonitriJe-co-butadiene), poly(acrylonitrile-co-butadlene-co-styrene), polycarbonate copolymers, polyester co- 
polymers, polyester carbonate copolymers and polyallylate copolymers. Polycarbonate copolymers, polyester copol- 
25 ymers, polyester carbonate copolymers, polyallylate copolymers and the like that have fluorene skeletons are partic- 
ularly preferred because the fluorene skeleton segments can provide negative optical anisotropy. 

(Polycarbonate films with fluorene skeleton) 

3o [0032] Particularly preferred for use as the pofymer film for the retardation film of the Invention are polycarbonate 
copolymers produced by reaction of a bisphenol with phosgene or a compound that forms a carbonic acid ester such 
as diphenyl carbonate, because of their excellent transparency, heat resistance and productivity. Preferred polycar- 
bonate copolymers are copolymers containing structures with fluorene skeletons. The component with the fluorene 
skeleton is preferably included at 1-99 mole percent. 

35 [0033] Suitable polycarbonates for the polymer film of the retardation film of the invention are materials that give a 
polymer film of a polycarbonate composed of a repeating unit represented by the following formula (I): 



40 R i R i R s R t 



45 




R i R 4 R r Re 

50 

where are each Independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 
carbon atoms, and X is 

55 
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and -R23-. 

where R^-Rig, R21 and R22 m ^ are eacn independently selected from among hydrogen, halogen atoms and hydro- 
carbon groups of 1-22 carbon atoms, R 2 o and ^23 are eacn Independently selected from among hydrocarbon groups 
of 1 -20 carbon atoms, and Ar is selected from among aryl groups of 6-1 0 carbon atoms, 

such that the repeating unit represented by formula (I) constitutes 30-90 moie percent of the total polycarbonate and 
the repeating unit represented by formula (II) constitutes 70-10 mole percent of the whole. 

[0034] The material is a polycarbonate copolymer consisting of a repeating unit with a fiuorene skeleton represented 
by formula (I) above and a repeating unit represented by formula (II) above, or a composition containing a polycarbonate 
comprising a repeating unit with a fiuorene skeleton represented by formula (I) above and a polycarbonate comprising 
a repeating unit represented by formula (II) above (hereunder also referred to as "blend polymer). In the case of a 
copolymer, two or more of each of the repeating units represented by formulas (I) and (II) may be combined, and in 
the case of a composition as well, two or more of the aforementioned repeating units may be used In combination. 
[0035] In formula (I), Rr^a are eacn independently selected from among hydrogen, halogen atoms and hydrocarbon 
groups of 1 -6 carbon atoms. As hydrocarbon groups of 1 -6 carbon atoms there may be mentioned aikyl groups such 
as methyl, ethyl, iso propyl and cyclohexyl, and aryl groups such as phenyl. Of these, hydrogen and methyl are preferred. 
[0036] in formula (II), R9-R16 are each independently selected from among hydrogen, halogen atoms and hydrocar- 
bon groups of 1-22 carbon atoms. As hydrocarbon groups of 1 -22 carbon atoms there may be mentioned alkyl groups 
of 1 -9 carbon atoms such as methyl, ethyl, isopropyi and cyclohexyf, and aryl groups such as phenyl, biphenyl and 
terphenyf . Of these, hydrogen and methyl are preferred. 
[0037] In Y of formula (II), 

^17"^19» ^1 anc ^ ^22 aro ©ach independently selected from among hydrogen, halogen 
atoms and hydrocarbon groups of 1 -22 carbon atoms, which hydrocarbon groups may be the same as those mentioned 
above. R 20 and are selected from among hydrocarbon groups of 1-20 carbon atoms, which hydrocarbon groups 
may also be the same as those mentioned above. Ar is selected from among aryl groups of 6-10 carbon atoms such 
as phenyl and naphthyi. 

[0038] The content of formula (I), i.e. the copolymer composition ratio in the case of a copolymer or the blend com- 
position ratio in the case of a composition, is 30-90 mole percent of the total polycarbonate. Outside of this range, the 
film will not have a wavelength range In which the retardation value Is positive and a wavelength range In which It is 
negative for a measuring wavelength of 400-800 nm, using a single retardation film. The content of formula (I) is 
preferably 35-85 mole percent, and more preferably 40-80 mole percent, of the total polycarbonate. 
[0039] Here, the molar ratio can be determined by, for example, nuclear magnetic resonance (NMR) with the total 
bulk of the polycarbonate composing the polymer film, whether in the case of a copolymer or a blend polymer 
[0040] The aforementioned copolymers and/or blend polymers can be produced by publicly known processes. For 
polycarbonates, polycondensation processes and melt porycondensation processes with dihydroxy compounds and 
phosgene may be suitably used. For blends, compatible blends are preferred but even if they are not totally compatible 
the refractive indexes of the components can be matched to minimize light scattering between the components and 
improve the transparency. 

[0041 ] Of the aforementioned polycarbonates with fiuorene skeletons, the following first, second and third copolymer 
polycarbonate types are particularly suitable as materials for the polymer film composing the retardation film of the 
invention. 

[0042] First polycarbonate type: Polycarbonates composed of a repeating unit represented by the following formula 

(3): 



R 1 R 2 Rs Re 




Rj , R 4 R 7 R s 

where R t -R 8 are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 
carbon atoms, and X is the following formula (4) 
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and a repeating unit represented by the following formula (5): 



R 9 Rio Ri3 Rm 




R 1 1 Ria Ris Rie 



where Rg-R^ are eacn independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 
carbon atoms, 

such that the repeating unit represented by formula (3) constitutes 60-90 mole percent of the total polycarbonate and 
the repeating unit represented by formula (5) constitutes 40-1 0 mole percent thereof; or 

[0043] Second polycarbonate type: Polycarbonates composed of a repeating unit represented by formula (3) above 
and a repeating unit represented by the following formula (6): 



Ru Rit R21 R?3 




where R 17 - R 24 are eacn independently selected from among hydrogen, hafogen atoms and hydrocarbon groups of 
1 -6 carbon atoms, 

such that the repeating unit represented by formula (3) constitutes 55-85 mole percent of the total polycarbonate and 
the repeating unrepresented by formula (6) constitutes 45-15 mole percent thereof; or 

[0044] Third polycarbonate type: Polycarbonates composed of a repeating unit represented by formula (3) above 
and a repeating unit represented by the following formula (7): 



B 
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Rn R«« R«b Rjo 

Rl7 R{| ^^^V^X^^ Rjl Rj8 

where R25-R32 are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 
1-6 carbon atoms, 

is such that the repeating unit represented by formula (1) constitutes 55-B5 mole percent of the total polycarbonate and 
the repeating unit represented by formula (7) constitutes 45-15 mole percent thereof. 

[0045] For the first, second and third polycarbonates, in formula (3), Rf-Re are each independently selected from 
among hydrogen, halogen atoms and hydrocarbon groups of 1-6 carbon atoms. As examples of hydrocarbon groups 
of 1 -6 carbon atoms there may be mentioned methyl, ethyl, propyl, butyl and the like. X is a fluorene ring. Preferably, 

20 Rv^a ard a " hydrogen, or else either or both R 1 and R 3 are methyl and either or both Rg and R 8 are methyl group. 
[0046] For the first polycarbonate, in the repeating unit represented by formula (5) above; R9-R16 are each inde- 
pendently selected from among hydrogen, halogen atoms and hydrocarbon groups of 1-6 carbon atoms. As hydrocar- 
bon groups of 1-6 carbon atoms there may be mentioned methyl, ethyl, propyl, butyl and the like. In formula (5), R 9 - 
R 16 are preferably hydrogen atoms. 

25 [0047] The repeating unit represented by formula (3) constitutes 60-90 mole percent of the total polycarbonate and 
the repeating unit represented by formula (5) constitutes 40-1 0 mole percent thereof. Outside of these ranges, the film 
will not have both positive and negative retardation value ranges at wavelengths from 400-800 nm. Although It will 
depend on the conditions, when the film is fabricated under ordinary uniaxial stretching conditions such as those em- 
ployed in the examples described below, the single polycarbonate film can serve as a retardation film with a negative 

30 retardation value at a wavelength of 400 nm and a positive retardation value at 800 nm, thus having a wavelength 
range in which the retardation is positive and a wavelength range in which it is negative within that region, by including 
the repeating unit represented by formula (3) at 71-79 mole percent of the total polycarbonate and including the re- 
peating unit represented by formula (5) at 29-21 mole percent thereof. 

[0048] For the second polycarbonate, in the repeating unit represented by formula (6), R 17 -R 2 4 arG each independ- 
35 ently selected from among hydrogen, hatogen atoms and hydrocarbon groups of 1 -6 carbon atoms. As examples of 
hydrocarbon groups of 1-6 carbon atoms there may be mentioned methyl, ethyl, propyl, butyl and the like. In formula 
(6). R17-R24 ar& preferably hydrogen atoms. 

[0049] The repeating unit represented by formula (3) constitutes 55-85 mole percent of the total polycarbonate and 
the repeating unit represented by formula (6) constitutes 45-1 5 mole percent thereof. Outside of these ranges, the film 

40 will not have both positive and negative retardation value ranges at wavelengths from 400-800 nm. Although It will 
depend on the conditions, when the film is fabricated under ordinary uniaxial stretching conditions such as those em- 
ployed in the examples described below, the single polycarbonate film can serve as a retardation film with a negative 
retardation value at a wavelength of 400 nm and a positive retardation value at 800 nm, thus having a wavelength 
range in which the retardation is positive and a wavelength range in which it Is negative within that region, by including 

45 the repeating unit represented by formula (3) at 65-73 mole percent of the total polycarbonate and including the re- 
peating unit represented by formula (6) at 35-27 mole percent thereof. 

[0050] For the third polycarbonate, in the repeating unit represented by formula (7), R25-R32 are aach independently 
selected from among hydrogen, halogen atoms and hydrocarbon groups of 1 -6 carbon atoms. As examples of hydro- 
carbon groups of 1-6 carbon atoms there may be mentioned methyl, ethyl, propyl, butyl and the like. In formula (7), 

50 R23-R32 are preferably hydrogen atoms. 

[0051] The repeating unit represented by formula (3) constitutes 55-85 mole percent of the total polycarbonate and 
the repeating unit represented by formula (7) constitutes 45-1 5 mole percent thereof. Outside of these ranges, the film 
will not have both positive and negative retardation value ranges at wavelengths from 400-800 nm. Although it will 
depend on the conditions, when the film is fabricated under ordinary uniaxial stretching conditions such as those em- 

55 ployed in the examples described below, the single polycarbonate film can serve as a retardation film with a negative 
retardation value at a wavelength of 400 nm and a positive retardation value at 800 nm, thus having a wavelength 
range in which the retardation is positive and a wavelength range in which it is negative within that region, by including 
the repeating unit represented by formula (3) at 66-74 mole percent of the total polycarbonate and including the re- 
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peating unit represented by formula (7) at 34-26 mole percent thereof. 

[0052] In the aforementioned polycarbonates, it is believed that the repeating unit represented by formula (3) corre- 
sponds to the component with negative refractive index anisotropy, while the repeating units represented by formulas 
(5), (6) and (7) correspond to components with positive refractive index anisotropy. 

s [0053] The stretching conditions for the aforementioned polycarbonate are at a temperature of from (T g - 30) to (Tg 
+ 50)°C, where Tg Is the glass transition temperature in °C, with a draw ratio from a factor of 1 ,01 to 4, and preferably 
a temperature of from (Tg - 1 0) to (Tg + 20)°C with a draw ratio from a factor of 1 .1 to 2.5. The retardation wavelength 
dispersion is thought to be determined by the polycarbonate material and its state of orientation. 
[0054] The molecular weight of the polycarbonate is determined by a limiting viscosity measurement using methylene 

10 chloride as the solvent, and the limiting viscosity is preferably 0.30-2.0 dl/g. 

[0055] As production methods for the polycarbonate there may be suitably used polycondensation methods and melt 
polycondensation methods using di hydroxy I compounds and phosgene. When two or more different polycarbonates 
are used as a blend, a compatible blend is preferred but even if they are not totally compatible the refractive indexes 
of the components can be matched to minimize light scattering between the components and Improve the transparency. 

15 

(Blend film of polyphenylene oxide and polystyrene) 

[0056] Another material suitable as the polymer fiim composing the retardation film of the invention is a blend of 
polyphenylene oxide and polystyrene. This combination can form a compatible blend and produces little haze, and is 
20 therefore advantageous as a retardation film. In addition , poly(2,6-dimethyt-1 ,4-phenylene oxide), which may be men- 
tioned as an example of a polyphenylene oxide, has positive refractive index anisotropy while polystyrene has negative 
refractive index anisotropy. 

[0057] The blend ratio of the polyphenylene oxide and polystyrene in this polymer blend film is preferably polystyrene 
at a content of 61-75% by mass of the whole, and poly(2,6-dimethyl-1 ,4-phenylene oxide) at 39-25% by mass. 
25 [0058] A retardation film of the invention employing such a polymer blend film can usually be produced by stretching 
the aforementioned polymer blend film comprising polyphenylene oxide and polystyrene. 

[0059] When the film Is fabricated under ordinary uniaxial stretching conditions such those as employed In the ex- 
amples described below, the blend film alone can serve as a retardation fiim with a positive retardation value at a 
wavelength of 400 nm and a negative retardation value at 800 nm, thus having a wavelength range in which the 

30 retardation is positive and a wavelength range in which it is negative within that region, at a polystyrene content at 
66-67% by mass of the whole and a polyfce-dimethyl-l ,4-phenylene oxide) content at 34-33% by mass thereof. 
[0060] The molecular weight of the polystyrene is preferably such that the limiting viscosity is 0.20-2.5 dl/g as deter- 
mined by limiting viscosity measurement using methylene chloride as the solvent. 
[0061] The polystyrene may also be stereos pecific. 

35 [0062] The molecular weight of the polyphenylene oxide used is also preferably such that the limiting viscosity is 
0.20-2.5 dl/g as determined by a limiting viscosity measurement using chloroform as the solvent. 
[0063] In order to obtain a retardation film according to the invention, particularly a film of the aforementioned polymer 
blend of the polyphenylene oxide and polystyrene, it is preferred to employ solution casting film formation, which is a 
publicly known method. As organic solvents there may be used publicly known-solvents such as chloroform and diox- 

40 otane. 

(Production of retardation film) 

[0064] The retardation film of the invention may be produced by using a publicly known melt extrusion process, 
45 solvent casting process or the like to form a film of the copolymer or blend polymer material comprising an appropriate 
combination of components with positive and negative refractive index anisotropy as explained above, and then stretch- 
ing it. Solvent casting is preferably used from the standpoint of film thickness irregularities and outer appearance. 
Suitable solvents to be used for solution casting are methylene chloride, dioxolane and the like. 
[0065] Any publicly known stretching process may be used for^stretching, but uniaxial stretching is preferred. The 
so uniaxial stretching may be either longitudinal or lateral stretching. For improved stretchability, the film may also contain 
publicly known plasticizers including phthalic acid esters such as dimethyl phthalate, diethyl phthalate and dibutyl 
phthaiate, phosphoric acid esters such as tributyl phosphate, aliphatic dibasic esters, glycerin derivatives, glycol de- 
rivatives and the like. During the stretching, the above-mentioned organic solvent used for formation of the film may 
remain in the film for stretching. The amount of the organic solvent is preferably 1 -20% by mass with respect to the 
55 solid weight of the polymer. 

[0066] The retardation film of the invention may be obtained by ordinary uniaxial stretching of the polymer film, but 
it may also be obtained by publicly known drawing in which the refractive index is increased in the film thickness 
direction, successive or simultaneous biaxial stretching, or the like. 



10 



EP1 118 8a5A1 



(Addition of low molecular compound with optical anisotropy) 

[0067] A low molecular compound with optical anisotropy may be added to the retardation film made of a polymer 
material according to the invention, so long as it has a wavelength range in which the retardation value is positive and 

5 a wavelength range in which it is negative, in a wavelength range of 400-800 nm. In such cases, the amount of the 
low molecular compound is preferably no greater than 20 parts by mass and preferably no greater than 1 0 parts by 
mass, to 1 00 parts by mass of the total retardation film. The purpose of adding a low molecular compound is to achieve 
delicate control of the retardation wavelength dispersion, but if it exceeds 20 parts by mass it may notably lower the 
glass transition temperature of the polymer material , or precipitate from the polymer material, or in some cases, it may 

10 cause phase separation and produce turbidity, thus making it impossible to maintain transparency. The retardation film 
of the invention is composed substantially of a polymer material and its properties are utilized to realize a unique 
wavelength dispersion of retardation; the low molecular compound serves only as an additive to complement the prop- 
erties of the polymer. Because the retardation film of the invention is made essentially by stretching at near the glass 
transition temperature of the polymer material, the low molecular compound is preferably one that does not sublimate 

is or gasify at the glass transition temperature of the polymer material to which It is added. The low molecular compound 
is also preferably one with good compatibility with the polymer material of the retardation film, or if it has poor compat- 
ibility, one which has a matching refractive index so that transparency is not lost. 

[0068] The low molecular compound with optical anisotropy mentioned here is a compound which has an asymmet- 
rical molecular structure for anisotropy of the refractive index of the molecular structure, and it is preferably organic 
20 with a molecular weight of no greater than 3000. Whether or not a low molecular compound has optical anisotropy is 
determined by whether or not the retardation wavelength dispersion of the retardation film changes between when it 
is added and when it is not added to a retardation film of the invention. That is, a low molecular compound with optical 
anisotropy as defined here is one which, when added to a retardation film, changes the retardation wavelength dis- 
persion of the retardation film. As mentioned above, the molecular weight is preferably not over 3000, since this will 

6 tend to result in phase separation with the polymer material, which is the primary material of the retardation film. 
[0069] While there are no particular restrictions on such low molecular compounds, there may be mentioned as 
examples, liquid crystals, porymerizable liquid crystals, saccharose acetate, xylene, toluene, biphenyl, terphenyl, di- 
chromatic colorants, colorants, dyes, pigments, near infrared absorbing colorants, oligomers, dialkyl phthalates, and 
the like. 

30 [0070] The method of addition may be any publicfy known method commonly used for addition of polymer material 
plasticizers or the like. The aforementioned low molecular compound may also serve as a plasticizer. 
[0071] When a polycarbonate such as mentioned above is used as the polymer film of the invention, addition of the 
low molecular compound with refractive index anisotropy may result in a slight shift In the preferred copolymerization 
ratio (molar ratio) of the polycarbonate. 

35 

(Other additives) 

[0072] There may also be added to the retardation film of the invention various ultraviolet absorbers such as phe- 
nylsailcylic acid, 2-hydroxybenzophenone and triphenytphosphate, or bluing agents for adjustment of the color, anti- 
40 oxidants, and the like. 

(Film thickness) 

[0073] The thickness of the retardation film is preferably from 1 u,m to 400 u.m. It is more preferably 1 0-200 u/n, and 
43 even more preferably 30-150 u/n. 

(Modification of other optical properties of the film) 

[0074] One of the properties sometimes required for a retardation film used for a liquid crystal display device or 
so reflective polarizing film is the requirement that the retardation not change even when the angle of incidence to the 
retardation film changes from normal incidence to oblique incidence. In such cases, the value of N r (n x - n z )/(n x - n y ), 
expressed in terms of the three-dimensional refractive index n x , riy and n z , is preferably between 0.3 and 1 .5. In par- 
ticular, when N z - 0.5, there is virtually no change in the retardation even when the angle of incidence to the retardation 
film changes from normal incidence to oblique Incidence. The three-dimensional refractive index is obtained by meas- 
35 un"ng the incident angle dependence of retardation, assuming the retardation film as a refractive index spheroid. The 
measuring wavelength is established at 400-800 nm, and preferably 400-780 nm, but it may also be established at 
400-700 nm. 

[0075] By appropriate use of publicly known stretching techniques and film forming techniques for the polymer film 
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of the invention, it is possible to obtain retardation films with a variety of optical properties, such as n K Nn y > n z> n x = 
riy < n 21 n x > n y > n z , n x > n z > n y , n x > n y % n z , etc. Films may also be fabricated with these optical axes at inclinations. 
As explained above, the retardation wavelength dispersion is controlled by the state of polymer orientation as repre- 
sented by the three-dimensional refractive index, etc. and the chemical structure of the polymer, but by combining 
s control of the three-dimensional refractive index and the unique retardation wavelength dispersion of the film of the 
present Invention, it is possible to obtain viewing angle enlarging and color compensating films that are suited for given 
purposes and can contribute to enhanced image quality of liquid crystal display devices. 

(Methods of using the film) 

10 

[0076] The retardation film of the invention may be used instead of glass plates sandwiching a liquid crystal layer of 
the aforementioned liquid crystal display device, to perform the roles of both a base film and a retardation film. 
10077] The retardation fifm of the invention can be attached to a polarizing film via a tacky layer or adhesive layer to 
form acircularly polarizing film, or a material may be coated onto the retardation film to improve the moi6t heat durability 
is or to improve the solvent resistance. 

(Laminated retardation film) 

[0078] The retardation film of the invention can also be used as a laminated layer with another retardation film having 

20 a positive or negative retardation value in the measuring wavelength range of 400-800 nm. Here, a retardation film 
with a positive retardation value is one whose direction of stretching is the delay axis which is the direction of the 
maximum in-plane refractive index in a measuring wavelength range of 400-800 nm, when uniaxially stretched at a 
stretching temperature of from (Tg - 30) to (Tg + 50)°C, preferably (T g ±20) Q C and more preferably from (Tg -10)°C 
to (Tg + 20) °C of the polymer material of the retardation film, while a retardation film with a negative retardation value 

25 is one whose direction of stretching is perpendicular to the delay axis in a measuring wavelength range of 400-800 
nm, when stretched in the same manner. The retardation film of the invention may be used as a (laminated) retardation 
film by lamination with such another retardation film having a positive or negative retardation value, to allow control of 
the retardation wavelength dispersion of the other retardation film and thus contribute to enhanced image quality of a 
liquid crystal display device or the like. This is one of the special effects of the invention. 

30 [0079] The direction of the lamination is generally set as appropriate depending on the purpose of use, and for 
example, among the retardation films of the invention, those retardation films with wavelength dispersion properties 
that are negative at the short wavelength end and positive at the long wavelength end may be laminated with another 
retardation film having a positive retardation value with their stretching axes mutually parallel, to allow control of the 
retardation dispersion properties of the other retardation film. Alternatively, among the retardation films of the invention, 

35 those retardation films with wavelength dispersion properties that are positive at the short wavelength end and negative 
at the long wavelength end may be laminated with another retardation film having a positive retardation value with their 
stretching axes mutually perpendicular, to allow control of the retardation dispersion properties of the other retardation 
film. As a result, it is possible to improve the other retardation film to give it the desired retardation properties, for 
example, a small retardation value at the short wavelength end and a large retardation value at the long wavelength 

*o end, or to fabricate a wide-band 7J4 fifm having a retardation value which is roughly a quarter wavelength for wave- 
lengths A, of 400-800 nm, for example, which can be suitably used especially for polarizing film-integrated reflective 
liquid crystal display devices. Here, a small retardation value at the short wavelength end and a large retardation value 
at the long wavelength end means that the retardation value at a wavelength of 550 nm is larger than that at a wave- 
length of 450 nm. 

4$ [0080] For fabrication of a wide-band A/4 film by a combination such as described above, the other retardation film 
with a positive retardation value may be another retardation film having retardation wavelength dispersion properties 
such that the retardation value is smaller with shorter wavelengths and the retardation value is larger with longer 
wavelengths. 

[0081] Conversely, among the retardation films of the invention, a retardation film which is positive at the short wave- 
so length end and negative at the long wavelength end may be laminated with another retardation film whose retardation 
value is positive, with their stretching axes mutually parallel, to allow control of the retardation dispersion properties of 
the other retardation film . As a result, it is possible to improve the other retardation film to give it the desired retardation 
properties, for example, a large retardation value at the short wavelength end and a small retardation value at the long 
wavelength end, to provide a retardation film with a large birefringence wavelength dispersion that can be suitably 
55 used, for example, in a high-speed response super twisted nematic liquid crystal display device with a large birefrin- 
gence wavelength dispersion in the liquid crystal cells. 

[0082] These will be explained in further detail by means of Examples, but it is possible to control the wavelength 
dispersion property of the retardation by laminating the retardation films in this manner. 
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[0083] In such cases, since both are laminated with their stretching axes parallel , if both of the films have been 
fabricated by longitudinal uniaxial stretching, for example, ft is possible to carry out the attachment step in a roll-to-roll 
manner, which is highly advantageous from the standpoint of productivity. When fabricating a wide-band V4 film with 
such a combination, a film with a smaller retardation at shorter wavelengths may be used for retardation wavelength 
s dispersion of a retardation film with a positive retardation value, for example. 

[0084] These will be explained in further detail by means of Examples, but it is possible to control the wavelength 
dispersion property of the retardation by Jaminating the retardation films in this manner. 

[0085] incidentally, while some control of the retardation is possible even by the method of Japanese Patent Publi- 
cation No. 2609139, it requires a plurality of positive or negative films. On the other hand, a retardation film according 

10 to the invention which has retardation wavelength dispersion such that the retardation is negative at the short wave- 
length end and positive at the long wavelength end can be laminated with another single retardation film with a certain 
wavelength dispersion, so that, when it is not desired to change the retardation value of the other retardation film at a 
measuring wavelength of 550 nm, for example, the retardation wavelength dispersion can be controlled very delicately 
for retardation which is smaller at the shorter wavelength end than that wavelength and larger at the longer wavelength 

15 end. A retardation film characterized by having a range in which the retardation value is positive and a range in which 
it is negative, at measuring wavelengths of 400-800 nm according to the Invention, may not only be used in combination 
with other retardation films In this manner but, by itself, It can also compensate for optical properties of liquid crystal 
cells of liquid crystal display devices, and enhance image quality. 

[0086] The retardation film of the invention can also be used in combination with a polarizing film or the like in the 
20 optical elements not only of liquid crystal display devices but also of other display devices, such as organic electrolu- 
minescence displays (also referred to as OLEDs), plasma displays, field emission displays, Inorganic electrolumines- 
cence displays and the other light emitting elements. 

[0087] The material for a retardation film with a positive retardation value in the total wavelength range of 400-800 
nm is preferably a polymer material, and examples of preferred ones include polycarbonates, polyesters, polyallylates, 

25 polyolefins, pofyethers, polyphenylene oxides, polysulfones, polyethersulfones, polyvinyl alcohols, amorphous pofy- 
olefins, liquid crystal polymers, polymerizable liquid crystals which have been oriented and hardened, etc. The material 
for a negative retardation film is preferably polystyrene, polycarbonates with fluorene skeletons, triacetyl cellulose, etc. 
Polycarbonates are particularly preferred from the standpoint of transparency and high heat resistance and, as exam- 
ples of bisphenoi components composing such polycarbonates, there may be mentioned bisphenol A, biscresol, bi- 

30 sphenols with fluorene skeletons, bisphenols with isophorone skeletons or the tike, bisphenols with cyclohexane skel- 
etons, and the like. Copolymers of two or more of these may also be used. More preferred are homo polymers with 
bisphenol A as the bisphenol component. 

[0088] Optical compensating films composed of discotic liquid crystals, polymer liquid crystals with a twisted struc- 
ture, etc. may also be laminated with the retardation film of the invention. 

35 [0089] When the retardation film of the invention is laminated with another retardation film and used as a quarter- 
wave film, it is preferred for the retardation value to be 1/4 wavelength at a measuring wavelength of 550 nm, and more 
specifically, the retardation value is preferably from 11 0 nm to 1 60 nm. This value will be set depending on the purpose 
of use. This quarter-wave film may be used as an element that converts circularly polarized fight to linearly polarized 
light or linearly polarized light to circularly polarized light in a reflective liquid crystal display device using only one 

40 polarizing film or in a reflective liquid crystal display device comprising a combination of guest-host crystals and a 
quarter-wave film, or as an element that converts circularly polarized light to linearly polarized light, in combination 
with an element that only reflects circularly polarized light on one side which is used as a brightness-enhancing film of 
a backlight-equipped transmission liquid crystal display device. 

^5 (Retardation film-integrated polarizing film) 

[0090] The retardation film of the invention can realize effects that are difficult to achieve with combinations of ordinary 
retardation films, by preparing a retardation film-integrated polarizing film which is a combination of, for example, an 
ordinary polarizing film comprising a dichromic absorbing substance such as iodine or a dye, or a reflective polarizing 

50 film that reflects or diffuses only polarized light on one side. For example, a retardation film of the invention having a 
retardation of approximately zero at a measuring wavelength of 550 nm, a negative retardation at shorter wavelengths 
and a positive retardation at longer wavelengths may be used in combination with a dichromic absorbing polarizing 
film to avoid changing the linearly polarized state at a measuring wavelength of 550 nm while changing only the po- 
larized state at other wavelengths, thereby allowing a change of the wavelength dispersion of the outgoing polarization 

55 state of the polarizing film. 

[0091 ] Also, while triacetyl cellulose films have conventionally been used as protective films for polarizing films con- 
taining iodine or dichromic pigments added to polyvinyl alcohol, a retardation film of the invention may be used in place 
of such a protective film. For improved adhesion with the polarizing film In such a case, various types of coating agents 



13 



EP1 118 885 A1 



may be applied. Suitable coating agents that may be used for this purpose are urethane- based resins. Adhesrves and 
pressure-sensitive adhesives preferably are transparent with a refractive index matching that of the films in order to 
minimize interracial reflection, and they may be preferably selected in consideration of heat shrinkage of the film. 
[0092] This type of retardation film-integrated polarizing film can be used, for example, as an anti-reflection film for 
s an emission device or touch panel, in addition to a liquid crystal display device. 

(Liquid crystal display device) 

[0093] By using the aforementioned retardation film or retardation film- integrated polarizing film in a liquid crystal 
io display device, it is possible to realize enhanced image quality. A retardation film of the invention may also be used in 
place of a glass plate. In that case, an effect is provided whereby it is possible to reduce the number of optical members 
used in the liquid crystal display device while also lowering the thickness, which Is a drawback of glass plates, so that 
It becomes possible to prevent image fading due to paraflax caused by the thickness of the glass which constitutes a 
problem particularly for reflective liquid crystal display devices, while also compensating for the tendency of the glass 
is plate to break. 

(Schematic diagrams of the embodiments) 

[0094] The retardation film of the invention shown in Fig. 1 may be used to make a construction such as shown in 
20 Fig. 2, wherein it is laminated with another retardation film 2 to construct a laminated retardation film 3, or wherein it 
is laminated with a polarizing film 4 to construct a retardation film-integrated polarizing film 5. If necessary, a publicly 
known pressure-sensitive adhesive may also be used for the lamination. 

[0095] This type of retardation film of the invention may be suitably incorporated Into a liquid crystal display device 
9 as shown in Fig. 4, as the retardation film 1 alone or as a laminated retardation film 3 or a retardation film-integrated 
25 polarizing film 5. in Fig. 4, 6 is an electrode-attached glass substrate, 7 is a liquid crystal layer and 8 is a seal. 

Examples 

[0096] The present invention will now be explained in greater detail by way of the following examples, which are not 
3Q intended to restrict the invention. 

(Evaluation methods) 

[0097] The property values of the materials described throughout the present specification were obtained by the 
35 following evaluation methods. 

(1) Measurement of retardation values (An • d) 

[0098] The retardation value which is the product of the birefringence An and the film thickness d was measured 
40 with the spectral eilipsometer "M150" by Jasco, Inc. 

(2) Measurement of proton NMR 

[0099] The copolymer composition ratio of polycarbonate was analyzed by proton NMR measurement. The meas- 
45 uring solvent used was denterated benzene, and the apparatus used was a "JNM-alpha600" by Nippon Denshi. 

(3) Measurement of film thickness 

[0100] Measurement was made with an electronic micrometer (measuring instrument) by Anritsu Corp. 

50 

(4) Measurement of water absorption 

[0101] Measurement was made according to "Plastics Water Absorption and Hot Water Absorption Testing Method" 
of JIS K 7209, except that the film thickness of the dried film was 130 ±50 u.m. The test piece was a 50 mm square 
55 piece, the water temperature was 25°C, and the weight change was measured after Immersing the sample in water 
for 24 hours. The units are given as percentages. 
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(5) Polycarbonate monomers 



[0102] The structures of the polycarbonate monomers used in the following examples and comparative examples 
were as follows. 




{A] 




HO 




^ // 



H,C 




CH» 



OH 



[C] 



15 



EP1 118 885 A1 




ID] 



20 Example ± 

[01 03] A sodium hydroxide aqueous solution and ion-exchange water were charged into a reaction vessel equipped 
with a stirrer, thermometer and reflux condenser, and then monomers [A] and [D] having the structures shown above 
were dissolved in the molar ratios given in Table 1 and a small amount of hydros ulftte was added. After then adding 
25 methylene chloride, phosgene was blown in at 20°C for about 60 minutes. After adding p-tert-butylphenol for emuJsi- 
fication, triethylamine was added and the mixture was stirred at 30°C for about 3 hours to complete the reaction. Upon 
completion of the reaction, the organic phase was separated off and the methylene chloride was evaporated to obtain 
a polycarbonate copolymer. The compositional ratio of the obtained copolymer was roughly the same as the monomer 
charging ratio. 

30 [0104] The copolymer was dissolved in methylene chloride to prepare a doping solution with a solid content of 20 
mass%, A cast film with a thickness of 120 usn was formed from this doping solution, and was subjected to uniaxial 
stretching to a factor of 1 .3 at a temperature of 240 9 C, to fabricate a retardation film with the film thickness, retardation 
values, retardation wavelength dispersion values and water absorption as listed in Table 1 . Fig . 5 shows the retardation 
wavelength dispersion properties at measuring wavelengths of 400-700 nm. Table 1 and Fig. 5 confirm that the retar- 
ds dation wavelength dispersion values at measuring wavelengths of 400-700 nm are zero at near 550 nm, negative at 
the short wavelength end and positive at the long wavelength end. 

[0105] This film was attached via an adhesive to a commercially available uniaxially stretched polarizing film com- 
prising polyvinyl alcohol doped with iodine, In such a manner that their respective stretching axes were arranged at 45 
degree (45°), while another separate polarizing film was used with the retardation film between both polarizing films, 
40 the orientation of the polarizing films being set at a cross Nicol configuration. In observing the color tone of the polarizing 
film, it was possible to view the change in color tone in comparison to when the retardation film was absent. 
In other words, it was demonstrated that combination of a polarizing films with this retardation film can delicately aiter 
the color tone of the polarizing films. 

45 Example 2 

[01 06] A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers listed 
in Table 1 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging 
ratio. A retardation film was formed in the same manner as Example 1 . Table 1 confirms that at measuring wavelengths 
50 of 400-700 nm, the retardation wavelength dispersion value is negative at the short wavelength end and positive at 
the long wavelength end. 

Example 3 

55 [0107] A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers listed 
in Table 1 were used. The compositional ratio of the resulting copolymer was roughly the same as the monomer charging 
ratio. A retardation film was formed in the same manner as Example 1 . Table 1 confirms that at measuring wavelengths 
of 400-700 nm, the retardation wavelength dispersion value is negative at the short wavelength end and positive at 
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the long wavelength end. 
Reference Example 1 

5 [0108] A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers listed 
In Table 1 were used. This was used to fabricate a retardation film in the same manner as Example 1 except that the 
stretching conditions were 160°C and a factor of 1 .1 . The retardation film had positive refractive index anisotropy and 
had the retardation dispersion values shown in Table 1 . 

io Example 4 

[0109] The retardation film fabricated in Example 1 and the retardation film of Reference Example 1 were attached 
using an adhesive in such a manner that their stretching axes were parallel. The retardation wavelength dispersion 
properties of the laminated retardation film are shown in Table 2 and Fig. 6. The laminated retardation film had a larger 
w retardation with longer wavelengths, indicating that the retardation him had retardation of approximately a quarter 
wavelength in a wide range. 

[01 1 0] This laminated retardation film and a commercially available polarizing film ("LLC2-921 8", trade name of San- 
ritsu, KK.) were attached via an adhesive in such a manner that the absorption axis of the polarizing film and the delay 
axis of the retardation film were arranged at 45°. After removing the touch panel, polarizing film and retardation film 
20 on the observer side of the liquid crystal layer of a reflective color liquid crystal display device of a portable data terminal 
("Zaurus Color Pocket MJ-31 0", trade name of Sharp Corp.), the retardation film-integrated polarizing film was attached 
via an adhesive at an appropriate angle. The portable data terminal was activated, and a display device was thus 
obtained with excellent image quality exhibiting no coloration of the black state. 

25 Reference Example 2 

[01 1 1 J A polycarbonate copolymer was obtained by the same method as Example 1 , except that the monomers listed 
in Table 1 were used. This was used to fabricate a retardation film in the same manner as Example 1 except that the 
stretching conditions were 161°C and a factor of 1 .2. The retardation film had positive refractive index anisotropy and 
30 had the retardation dispersion values shown in Table 1 . 

Example 5 

[0112] The monomers listed in Table 1 were used to fabricate a polycarbonate copolymer in the same manner as 
35 Example 1 . The sample with a ratio of monomers [A] and [DJ of 26:74 (mol%) had negative retardation at the short 
wavelength end and positive retardation at the long wavelength end. The retardation dispersion values are shown in 
Table 1 . 

Example 6 

40 

[0113] The retardation film of Example 5 and the retardation film of Reference Example 2 were attached using an 
adhesive in such a manner that their stretching axes were parallel. The retardation wavelength dispersion properties 
of the laminated retardation film are shown in Table 2. The laminated retardation film had a smaller retardation with 
longer wavelengths. The laminated retardation film had a large And(450)/And(550) value of 1 .1 8 and a large liquid 
45 crystal cell retardation wavelength dispersion, thus exhibiting satisfactory properties for a high-speed response super 
twisted nematic liquid crystal display device. 

Example 7 

50 [0114] A methylene chloride dope solution with a solid concentration of 20% by mass was prepared using 1 .5 parts 
by mass of saccharose octaacetate to 98.5 parts by mass of the polycarbonate copolymerized in Example 1 . A cast 
film with a thickness of 120 u,m was fabricated from the dope solution, and it was uniaxially stretched to a draw factor 
of 1 2. at a temperature of 240°C to make a retardation film having the retardation wavelength dispersion values shown 
in Table 1 . Table 1 confirms that at measuring wavelengths of 400-800 nm, the retardation wavelength dispersion value 

55 fs negative at the shorter wavelength end and positive at the longer wavelength end, but a different retardation wave- 
length dispersion from Example 1 was obtained. 
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Table 1 





Example 1 


Example 2 


Example 3 


Ref. Ex. 1 


Ref. Ex. 2 


Example 5 


Example 7 


Monomer 1 
structure (charging 
amount in mole 
percent) 


(A] 
(26) 


[B] 
(30) 


IC] 
(30) 


[A] 
(100) 


[A] 
(100) 


[A] 
(26) 


[A] 
(26) 


Monomer 2 
structure (charging 
amount in mole 
percent) 


[D] 
(74) 


[D] 

(70) 


[D] 
(70) 






10] 
(74) 


[D] 
(74) 


Film thickness 
(urn) 


80 


80 


75 


80 


80 


80 


80 


R (400) (nm) 


-90 


-93 


-33 


174 


423 


-70 


-67 


R (700) (nm) 


20 


8 


7 


139 


345 


17 


8 


A n-d (450) (nm) 


-44 


-35 


-19 


153 


380 


-33 


-33 


A n-d (550) (nm) 


0 


5 


-3 


140 


350 , 


0 


-4 


A n-d (650) (nm) 


16 


10 


5 


139 


345 


14 


6 


water absorption 
(mass%) 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 


0.2 



Table 2 





Example 4 


Example 6 


A n-d (450) (nm) 


109 


413 


A n-d (550) (nm) 


140 


350 


A n-d (650) (nm) 


155 


331 


And (450)/ A n-d (550) 


0.78 


1.18 


An-d (650)/ And (550) 


1.11 


0.95 



Comparative Examples 1-6 

[0115] AH polycarbonate polymers were obtained in the same manner as Example 1, except that the monomers 
listed in Table 3 were used. These were used to fabricate retardation films in the same manner as Example 1 . As shown 
in Table 3, at measuring wavelengths of 400-800 nm, none of the samples had both positive and negative regions for 
the retardation values. 



Table 3 





Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Comp. Ex. 5 


Comp. Ex. 6 


Monomer 1 


[A] 


[A] 


[B] 


[B] 


[C] 


[C] 


structure (charging 


(70) 


(5) 


(70) 


(5) 


(70) 


(5) 


amount in mole 














percent) 














Monomer 2 


ID] 


IP] 


[D] 


[D] 


[D] 


[D] 


structure (charging 


(30) 


(95) 


(30) 


(95) 


(30) 


(95) 


amount in mole 












percent) 














And (450) (nm) 


135 


-88 


134 


-75 


201 


-31 
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Table 3 (continued) 





Comp. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Comp. Ex. 5 


Comp. Ex. 6 


A n-d (550) (nm) 


126 


-73 


*~ 129 


-64 


191 


-27 


A n-d (650) (nm) 


126 


-67 


126 


-60 


188 


-25 



Example 8 

to [0116] Polystyrene (Catalog No. 18242-7, product of Aldrlch Chemical Co.) and poly(2,6-dimethyl-1 ,4-phenylene 
oxide) (Catalog No. 1 81 78-1 , product of Aid rich Chemical Co.) were dissolved in chloroform at respective proportions 
of 66.5% by mass and 33.5% by mass, to prepare a dope solution with a solid concentration of 18% by mass. A cast 
film was fabricated from the dope solution and uniaxially stretched to a factor of 2 at a temperature of 1 30°C. 
[0117] The thickness of the film was 90 urn, the retardation value at a measuring wavelength of 400 nm was 82 nm, 

1 5 the retardation value at a wavelength of 700 nm was -18 nm, and the water absorption was 0.3% by mass. Table 4 
shows the retardation values at 3 wavelengths and the values for the retardation waveJength dispersion properties at 
wavelengths of 450 and 650 nm with respect to the retardation value B(550 nm), or R(450)/R(550), R(650)/R(550). 
Fig. 7 is a graph showing the retardation wavelength dispersion properties. This film had positive retardation with a 
measuring waveJength at the shorter waveJength end and a negative retardation at the longer wavelength end. 

20 

Example 9 

[0118] A polycarbonate with a viscosity-average molecular weight of 38,000 ("Panllte C1400 Grade", trade name of 
Teijin Chemical Co., Ltd.) obtained by polymerization of bisphenoi A and phosgene was dissolved in methylene chloride 

25 to prepare a dope solution with a solid concentration of 20% by mass, and this dope was used for solution casting to 
fabricate a polycarbonate film with a thickness of 100 um The film was subjected to longitudinal uniaxial stretching to 
a factor of 1 .1 at 1 60°C to obtain a retardation plate with a positive retardation value. The properties are shown in Table 
4 and Fig. 8. This retardation plate was attached to the retardation plate of Example 8 via an adhesive in such a manner 
that their stretching directions were perpendicular. The retardation wavelength dispersion properties of the laminated 

30 retardation piate are shown In Table 4 and Fig. 8. The laminated retardation plate had a delay axis in the stretching 
direction of the polycarbonate, and as shown in Fig. 8, the retardation was smaller with shorter measuring wavelength 
and it functioned as a quarter waveplate in a considerably wide range. 

[0119] This retardation plate was attached to a commercially available polarizing plate in such a manner that the 
polarizing axis thereof was arranged at 45° with the delay axis of the retardation plate, and was then substituted for 
35 the polarizing plate and retardation plate on the observer side of a reflective color liquid crystal display device of a 
commercially available portable data terminal, "Zaurus Color Pocket Ml -31 0™". The result was a liquid crystal display 
device with excellent image quality. 

Example 1 0 

40 

[0120] A polycarbonate with a viscosity-average molecular weight of 38,000 ("Pan lite C1400 Grade", trade name of 
Teijin Chemical Co., Ltd.) obtained by polymerization of bisphenoi A and phosgene was dissolved in methylene chloride 
to prepare a dope solution with a solid concentration of 20% by mass, and this dope was used for solution casting to 
fabricate a polycarbonate film with a thickness of 100 urn The film was subjected to longitudinal uniaxial stretching to 

45 a factor of 1 .2 at 1 62*C to obtain a retardation plate with a positive retardation value. The properties are shown in Table 
4 and Fig. 9. This retardation plate was attached to the retardation plate of Example 8 via an adhesive in such a manner 
that their stretching directions matched. The retardation wavelength dispersion properties of the laminated retardation 
plate are shown in Table 4 and Fig. 9. The laminated retardation plate had a delay axis in the stretching direction of 
the polycarbonate, and while there was virtually no change in the retardation at a measuring wavelength of 550 nm. 

so with shorter wavelengths the retardation was larger than the polycarbonate retardation plate alone. 

Comparative Example 7 

[0121] The polystyrene and poly(2,6-dImethyi-1 ,4-phenylene oxide) used in Example 8 were dissolved in chloroform 
55 to respective proportions of 80% by mass and 20% by mass, to prepare a dope solution with a solid concentration of 
1 8% by mass. A cast film was formed from this doping solution, and was subjected to uniaxial stretching to a factor of 
1.7 at a temperature of 130°C. 

[0122] The retardation wavelength dispersion properties are shown in Table 4. The film was a negative retardation 
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10 



15 



20 



25 



plate. 

Comparative Example 8 

[0123] The polystyrene and poly(2,6-dimethyl-1 ,4-phenyiene oxide) used In Example 8 were dissolved in chloroform 
to respective proportions of 60% by mass and 40% by mass, to prepare a dope solution with a solid concentration of 
1 8% by mass. A cast film was formed from this doping solution, and was subjected to uniaxial stretching to a factor of 
1 .3 at a temperature of 1 30°C. 

[0124] The retardation wavelength dispersion properties are shown in Table 4. The film was a positive retardation 
plate. 

Table 4 





Example 8 


Example 9 


Example 10 


Comp. Ex. 7 


Comp. Ex. 8 


Retardation plate 
material 


PS/PPO 


PC 


PC+PS/PPO 


PC 


PC+PS/PPO 


PS/PPO 


PS/PPO 


Stretching axis 
attachment angle 






perpendicular 




parallel 






A n-d (450) (nm) 


41 


153 


112 


323 


364 


-43 


51 


An-d (550) (nm) 


2 


142 


138 


300 


302 


-43 


44 


A n-d (650) (nm) 


-14 


138 


155 


290 


276 


-42 


41 


R(450)/R(550) 


20.5 


1.08 


0.81 


1.06 


1.21 


1 


1.16 


R(650)/R(550) 


-7 


0.97 


1.12 


0.97 


0.91 


0.98 


0.93 


PS/PPO: porystyrene/poly^.e-dimethyM^-phenylene oxide) bi 
PC: polycarbonate 


end 
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Industrial Applicability 

[01 25] As explained above, the retardation film of the invention has a region in which the retardation value is positive 
and a region in which it is negative at measuring wavelengths of from 400-800 nm, and can therefore be used alone 
or in combination with another retardation film for adjustment to a suitable retardation value to provide an excellent 
viewing angle enlarging film, color compensating film, polarizing film, circularly polarizing film, elliptical polarizing film 
or liquid crystal display device, as desired. By using a polymer film comprising a polycarbonate copolymer and/or blend 
with a fluorene skeleton as the retardation film material, it is possible to obtain a retardation film with particularly excellent 
properties. 



40 



Claims 



45 



1 . A retardation film consisting of a single polymer film, which has a wavelength range in which the retardation value 
Is positive and a wavelength range in which it is negative in a wavelength range of 400-800 nm, which satisfies 
the following inequality (1) and/or (2), and which has a water absorption of no greater than 1% by mass. 



IR(400)J ^ 10 nm 



(D 



SO 



IR(700)I > 10nm 



(2) 



where IR(400)I and IR(700)I represent the retardation values at wavelengths of 400 nm and 700 nm, respectively. 

2. A retardation film according to claim 1 . wherein the retardation value is negative at a wavelength of 400 nm and 
the retardation value is positive at 800 nm. 



3. A retardation film according to claim 1 or 2, wherein said polymer film is a polycarbonate film. 
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4. A retardation film according to claim 3, wherein said polymer film is a polycarbonate film with a fluorene skeleton. 

5. A retardation film according to claim 4, wherein the polymer film comprises a polycarbonate composed of a re- 
peating unit represented by the following formula (3); 



R i R t R a R b 




R j R 4 R 7 R 8 

where R^Re are eacn independently selected from among hydrogen, halogen atoms and hydrocarbon groups of 
1 -6 carbon atoms, and X is the following formula (4) 




and a repeating unit represented by the following formula (5): 



R 9 Rio R i j R t i 




Ru Rie Ri» Rii 



where R g -R 16 are each independently selected from among hydrogen, halogen atoms and hydrocarbon groups 
of 1 -6 carbon atoms, 

and the repeating unit represented by formula (3) constitutes 60-90 mole percent of the total polycarbonate and 
the repeating unit represented by formula (5) constitutes 40-10 mole percent thereof. 

6. A retardation film according to claim 1 , wherein the retardation value is positive at a wavelength of 400 nm and 
the retardation value is negative at 800 nm. 

7. A retardation film according to claim 1 or 6, wherein the polymer film is a single polymer blend film comprising 
polyphenylene oxide and polystyrene. 

8. A retardation film according to claim 7, wherein the polymer film is a single polymer blend film comprising 39-25% 
by mass of polyphenylene oxide and 61 -75% by mass of polystyrene. 

9. A retardation film according to any one of claims 1 to 8, wherein the polymer film further contains up to 20% by 
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mass of a low molecular compound with optical anisotropy. 

10. A laminated retardation film formed by laminating a retardation film according to any one of claims 1 to 9 as a first 
retardation film with a second retardation film which has a positive or negative retardation value at wavelengths 
from 4O0 to 700 nm. 

11. A laminated retardation film according to claim 10, wherein the absolute value of the retardation of said second 
retardation film Is smaller as the wavelength is shorter 

12. A laminated retardation film according to claim 10 or 11 , wherein the retardation value is 1/4 wavelength at a 
wavelength of 550 nm. 

1 3. A retardation film-integrated polarizing film formed by laminating a retardation film or laminated retardation film 
according to any one of claims 1 to 12 with a polarizing film. 

14. A liquid crystal display device employing a retardation film or laminated retardation film according to any one of 
claims 1 to 12. 

15. A liquid crystal display device employing a retardation film-integrated polarizing film according to claim 13. 
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Fig .1 

1 

Y///////////////////////////t/A 



Fig. 2 




Fig. 3 




F i g . 4 



1(3.5) 




23 



EP 1 118 885 A1 



50 
0 

=5 -50 
-100 



E 
c 



c 

<3 



-150 



400 450 



Fi g . 5 



' ' POSITIVE 


NEGATIVE 






t _ 1 - 







500 550 500 

MEASURING WAVELENGTH (nm) 



650 



700 



F i g . 6 




500 550 600 

MEASURING WAVELENGTH (nm) 



700 



24 



EP1 118 885 A1 



c 
<3 



-20: 



- AO 



Fig. 7 
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Fig. 9 
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